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TITLE: Integrated circuits comprising 

interconnecting plugs 
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Detailed Description Text DETX 13. : 

patterning a bit contact opening through the bit line 

insulating layer to 

outwardly expose electrically conductive first layer 
material within the second 
contact openings; and 

Detailed Description Text ■ DETX 33. : 

Referring to FIG. 3, a first layer 36 of electrically 
conductive material is 

provided over insulating material layer 28 to within first 
contact opening 3 2 

and second contact opening 34 to electrically connect with 
first and second 

active regions 26 and 24, respectively. First layer 36 is 
deposited to a 

thickness which less than completely fills first contact 
opening 3 2 and second 

contact opening 34, thereby leaving outwardly open first 
voids 3 5 within the 

first and second contact openings. An example diameter for 
first contact 

opening 32 are 0.6 micron, while example dimensions for 
second contact opening 

3 4 are 0.6 .times. 1.0 micron . In such instance, an example 
preferred thickness 

for layer 36 is 1000 Angstroms. An example and preferred 
material for layer 36 

is hemispherical grain HSG poiysilicon. Such can be 
provided by first 

depositing a 60C Angstroms thick in situ doped poiysilicon 
laver, followed by 
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deposition of undoped HSG poly. Subsequent heating 
inherent in wa fer 

processing will effectively conduct iveiy dope the overlying 
HSG poly layer . 

Alternately, layer 36 can be provided by in situ arsenic 
doping of an entire 
HSG layer. 



Detailed Description Text DETX 38 : 

Referring to FIG. 8, a bit line insulating layer 44 
e.g., BPSG" is provided 
outwardly of second electrically conductive material layer 
4 0 and to within 

third voids 39. A bit contact opening 45 is patterned 
through bit line 

insulating layer 4 0 to again outwardly expose electrically 
conductive first 

layer material 36 within second contact opening 34. 



Detailed Description Text DETX 40 : 

The above described process etches capacitor dielectric 
layer 38 and second 

conductive layer 40 away from over second contact opening 
34 prior to provision 

of bit line insulating layer 44. An alternate process 
v;herein such etching is 

conducted after provision of bit line insulating layer 44 
is described with 

reference to FIGS. 1C 14. FIG. 10 illustrates the FIG. 6 
wafer at a processing 

step immediately subsequent to FIG. 6 which differs from 
that shown in FIG. 7. 

Like numbers are utilized from the first described 
embodiment where 

approDriate, with significant differences being indicated 
by addition of a 

suffix "a" to the FIGS. 1C 14 embodiment. FIG. 10 shows 
fragment 10a having 

bit line insulating layer 44a deposrted atop previously 
un patterned layers 4 0 
and 38 . 



Detailed Description Text 
The FIGS. 10 1-t proves: 
described embodiment, 



DETX ^2 : 
in comparison 



with the first 
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while having the advantage of reduced masking steps, does 
have the disadvantage 

of providing greater parasitic capacitance between the bit 
line plugging 

material within contact opening 43 the result of closer 

proximity of such 

material to second cell poly layer 40 than in the first 
described embodiment . 
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Brief Summary Text BSTX 7 : 

Aluminum has been the metal or alloy cf choice for use 
in the formation of 

patterned interconnects or "wiring" on the surface of 
insulating 1 aye r s , du e t o 

its high conductivity, low cost, and compatibility with 
other materials used in 

the construction of the integrated circuit structure. In 
the past, when larger 

dimensions were used for line widths and contact opening 

diameters, contact 

openings or vias were formed in the insulating layer and a 
layer of aluminum 

was then formed over the insulating layer which also filled 
the contact 

openings as well, although barrier material, such as TiN 
was usually used when 

the aluminum would otherwise contact silicon, to avoid 

migration of Si or Al 

atoms into the other material. 

Brief Summary Text BSTX 8 : 

However, as dimensions of lines and contact openings 

decreased, with ever 

increasing scale of VLSI structures, problems arose with 
securing satisfactory 

filling of the entire contact opening with the aluminum 
used to form the 

con tact 1 aye r ove r t he i n s u 1 a t i ng 1 aye r . Th is, int. u in , 
has given rise to the 

use of other filler materials such as tungsten to fill the 
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contact, opening 

prior to the formation of the aluminum layer over the 
insulating layer. After 

formation of, for example, a barrier layer of TiN, a layer 
of tungsten is 

deposited over the barrier layer and insulating layer which 
also fills the 

contact opening after which the structure is planarized to 
remove all of the 

surface tungsten leaving only the tungsten in the contact 
openings . The 

aluminum layer is then formed over the insulating layer 
w h i c h a 1 u m i n u m 1 a y e r 

thereby makes electrical contact with the upper exposed 
surface of the 

underlying tungsten in the contact opening. 
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Brief Summary Text BSTX 7 : 

Referring to FIG. 2, one prior art problem associated 
with forming a contact 

opening to wafer or substrate 10 is illustrated. 
Ty p i c a 1 1 v , a contact opening 

28 is anisotropically etched between conductive lines 14 to 

a degree sufficient 

to expose an area 3 0 of the substrate between the 
conductive lines and to which 
electrical connection is to be made. 



Brief Summary Text BSTX 9. : 

Referring to FIG. 3, a prior art solution to the 
above described problem is 

shown in which contact opening 28 is made to be narrower 
between conductive 

lines 14. As shown, the sides of contact opening 28 
coincide with inner most 

side wall spacers 22 so that the risk of ove retching the 
s i de wa 1 1 spacer s and 

hence nitride caps 2 0 and silicide 18 is reduced. However, 
s u c h t r a de o f f s i n 

contact opening width, and the reduced risk of over etch 
place sever constraints 

on the photomask alignment processes used to define contact 
opening 2 8 . 

Detailed Description Text DETX 5 : 

Referring to FIG. 5, BPSG layer 52 is patterned and 
etched over contact area 

4 3 to form a contact opening 54 between conductive lines 
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38. Preferably, such 

etch is an anisotropic dry etch which is conducted through 
layer 52 to a degree 

sufficient to leave at least a portion 5 6 of TEOS layer 50 
over contact area 4 8 

at the bottom of the contact opening. Exemplary conditions 
for such an etch in 

an Applied Materials 5000 reactor are 4 5 mTorr , 90 0 W, 4 0 
Gauss, 2 0 seem 

CF.sub.4, 45 seem CHF.sub.3, 30 seem Ar , 9000 mTorr He 
backside pressure. Such 

etch might also be conducted as a second part of a 2 step 
etch, where the first 

etches oxide at a faster rate. Exemplary conditions in 
such instance for the 

first etch in the same reactor are 120 mTorr, 900 W, 90 
Gauss, 2 0 seem 

CF . sub . 4 , 5 C seem CHF . sub . 3 , 110 seem Ar, 2 8 seem N . sub . 2 , 
9 00 0 mTorr He 

backside pressure. For purposes of the ongoing discussion, 
that portion of 

layer 52 which is etched and that portion of layer 50 which 
is left behind 

constitutes material between conductive lines 3 8 which is 
etched to a degree 

sufficient to leave at. least some of the material .i.e., 
portion 5 6 over the 

substrate between the conductive lines. Such etch defines 
a contact opening 54 

having a first lateral width dimension W . sub . 1 . One 
advantage of leaving 

portion 56 behind over contact area 48 is that inner -most 
side wall spacers 4 6 

are not undesirably etched or overetched which prevents the 
above described 

shorting conditions FIG. 2 which can render a device 
useless . 



Detailed Description Text DETX 6 : 

Re f e r r i ng to FIG. 6 , at least s one of substrate 34 
between conductive lines 

38, and preferably ail of the substrate defining contact 
a r e a 4 8, is out w a r d 1 y 

exposed by a wet etch of portion 56 FIG. 5 . Such etch- 
can be co ndu c t. e d u s i ng 

a suitable aqueous solution comprising fluorine atoms, such 
as an aqueous C . 5 - 
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by weight HF solution, and NH . sub . 4 F solution or a mixture 
thereof . Such 

solutions have a greater etch rate for BPSG layer 52 than 
for first oxide layer 

50. A typical etch rate ratio for such a solution as 
between BPSG layer 5 2 and 

first oxide layer 50 is about 3:1. Accordingly, etch 
timing is controlled to 

avoid overetching BPSG layer 52 and the nitride 
encapsulated conductive lines. 

Preferably, however, such etch is conducted using an 
aqueous solution which lias 

a greater etch rate for portion 5 6 and hence first oxide 
layer 50 than for 

BPSG layer 52. Such comprises a second etch which also 
p r e f e r ab 1 y removes a 

desired amount, of layers 50. 52 laterally outwardly of and 
beyond c on tact area 

43 in a controlled manner to effectively increase the 
lateral width dimension 

of the upper portion of contact opening 5 4 to W.sub.2 as 
shown. Such increase 

in lateral width dimension is desirable from the standpoint 
of subsequent 

contact formation which utilizes a conductive material, 
such as conduct ively 

doped polys il icon which is deposited into contact opening 
54 and forms a 
contact plug. 



07.10 2003, EAST version: 1.03.0002 



US PAT MC : 616 5 910 

DOCUMENT IDENTIFIER: US 616591C A 

TITLE: Self aligned contacts for 
semiconductor device 



KW I C 



Brief Summary Text BSTX 7 : 

The use of self aligned contacts advantageously permits 
circuit designers 

greater flexibility in the placement of the contact 
openings. In seme 

instances, the use of self aligned contacts permits circuit 
designers to pack 

the gates more closely together since the minimal distance 
between the gates is 

not bounded by the dimension of the contact opening which 
is limited by, for 

example, the accuracy of the photolithography and the oxide 
etch processes . 

Detailed Description Text DETX '5 : 

In accordance with another embodiment of the present 
invention, the 

self aligned contact openings having an aspect ratio of 
equal to or greater 

than about 3:1 or a depth greater than about 0.75 
m i. c r ome t e r are etc li e d with a 

two- step etch process , which employs CHF . sub . 3 , C . sub . 2 
HF.sub.5, CH.sub.2 

F . sub . 2 and op 1 1011a 1 ly argon , CF . sub . 4 and/ or C . sub . 2 
F . sub . 6 as e tenant source 

gases in a plasma processing chamber. In the first etch 
step, the contact 

opening is preferably etched with a first chemistry that 
i nc 1 u de s CH F . sub . 3 and 

C . sub . 2 HF.sub.5 and first, set of process parameters that 
are designed to, 

among others, prevent the occurrence of a spiked etch. 
Fu r t he r mo re, the fir s t 
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chemistry may preferably include argon, which further 
facilitates the 

prevention of a spiked etch and enhances photoresist 
selectivity. Further 

still, the first chemistry may also include CF , sub . 4 and/ or 
C.sub.2 F.sub.6 as 

etchant source gases in a plasma processing chamber. As 
the term is employed 

herein, a spiked etch represents a distortion in the etch 
sidewall such that 

the contact opening becomes progressively narrower at the 
bottom of the etch. 

As illustrated in FIG. 2, contact opening 44 is then to 
have a spiked etch when 

its sidewalls taper toward the contact opening center line 

6 0 starting from a 

threshold position 62. In some cases, the critical 
dimension of the contact 

opening may narrow before the contact opening sidewalls 
begin to taper toward 
center line 60 . 
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TITLE: Semiconductor processing methods of 

forming integrated 

circuitry and integrated circuitry 

const, rue t ions 

KWIC - 

Detailed Description Text DETX 10 : 

Re f e r r i ng to FIG. 5 , a , p o r 1 1 on of t he i nsu 1 a t i ve cap 
over the left mo s t 

conductive line 16 has been removed to facilitate 
electrical connect ion 

therewith. A patterned masking layer 44 is formed over the 
plurality of layers 

3 0 and defines a trench pattern, trough pattern, or 
conductive line pattern 

over the substrate. An exemplary material for masking 
layer 44 is photoresist. 

At least some of the photoresist 4 4 can remain within 
contact openings 4 2 as 

shown. Such remnant photoresist can serve to protect the 
device area . 

Although the trench patterns are illustrated as being 
g e n e r a 1 1 y w i de i 1 n 

dimension than the respective contact openings proximate 
which each is 

disposed, the patterns could have other dimensions, e.g. 

narrower or the same 

width dimensions as the contact openings . 

Claims Text CLTX 6 : 

forming a layer of photoresist ever the substrate and 
into the contact 

opening onto the conductive portion of the line ; 

Claims Text CLTX 7 : 
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patterning the photoresist, to define a conductive line 
pattern, at least 

some of the photoresist being received within the contact 
opening on the 

conductive portion of the conductive line after the 
patterning; and 

Claims Text. CLTX 8 : 

while photoresist is within the contact opening on the 
conductive line 

portion, selectively removing material of an uppermost of 
the first and second 

layers relative to the etch stop layer and defining a 
trough joined with the 
contact opening. 

Claims Text CLTX i3 : 

6. The semiconductor processing method of claim 1 
f u r t he r c omp rising 

removing the photoresist from over the conductive portion 
of the line and 

thereafter filling the contact opening with, conductive 
material, the filling 
comprising : 
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